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SOME FACTORS ASSOCIATED WITH CHILDREN'S SOLVING PERFORMANCE

ON FOUR TYPES OF MATHEMATICAL OPEN SENTENCES

ABSTRACT

- In this study the relationship between children's performancge in
solving certain open sentences and three factors (Open Sentence Type, Number
Size, Context) associated with these open sentences was investigated.
Sixteen open’sentenge solying tasks were individually presented to each of
thirty-two randomly selected third grade children.

Multivariate analysis of variance on the number of correct solutions
on linear combinations of solving tasks indicated that there were significant
djfferences in children's solving performance on the four types of open
sentences and on the two levels of number size. There also was a signifi-
cant Open Sentence Type X Number Size Interaction. "

PROBLEH, RATIONALE, AND BACKGROUND
The pugpose gf;tpig study was to i%#estigate the relationship between
children's pg#farmance iﬁlgglvihg certain ?éen sentences and three factors
(Open Sentence Typég ﬁuﬁggs Size, Cantexq? associated with these open 4
séntences. é giSt;ggqiéﬁgng feature of ggpgemggzaﬁy mathematics programg is
the prominen?é of open égggencas at every gggde level. 1In the pzimary grades

Children regularly %ngﬁﬁ§$§$ épen sentenges such as 7 + 2 = @ , 8 + 8= 15,

9 -6 = £3 ;.énd a;hégsg -Mush‘pf this eggggience with open sentences is
associated Q;gp thgid§vg;§pment of ccmputgggén or problem solving skill%. In
séite of thgér impggtangé in the mathemag*Q# curriculum very little resea:chA
h%s focused ég ghe.éaqyigggortant facets Qgﬁépen sentences. Consequently, ~
m?ny curriculax angliggﬁiﬁgticnal decisigég have not been made with thetéid
9% sufficieﬁg';gagéych s?%éence, The aim gg'this study was to hegin tq-

alleviate thig*sitgatiqﬁ %y answering seggégi questions associated with third

grade childr

Q

ens performance in solving cggﬁ’sentences. The questions
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of correct solutions) and the type of open sentence being solved, the size
of the numbers involved, and the presence of a verbal problem. Each of

these relationships will now be discussed in more detail.

Open Sentence Types

In examining the research literature it guickly became apparent that
research pertaining to children's performance levels on different types of
open sentences was needed. Other than the classical studies concerned with
the relative difficulty of the basic facts very few studies have been
reported on this issue. For an overview and references concerning this
literature see Grouws (1971).

The variety of open sentences which appear in mathamatics,'éven whon
restricted to school mathematics programs, is very large. Therefore, %o
keep the investigation within manageable size the kinds of open sentencas
studied were delimited.

The open sentences considered are commonly referred to in mathematics
as first degree equations in one variable., In particular, the four open
sentence types studied in this investigation were: N + a =b, a + N = b,
N-a=bhb, and a - N = b where in each type, N was a placeholder for a
number, and a and b were whole numbers. Table I lists these four open

sentence types and the labels used to refer to each.

B
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Table 1
The Four Types of Open Sentences

Studied in this Investigation

- o Labels . ) _
Type 1 Type 2 Type 3 Type 4
Orcen
fentence N+a=Db a+N=Db a-N=Db N-a=Dhb
Tyoes

Note -- N is a placeholder for a number and a and b are whole numbers.

The rationale for selecting these open sentence types was based on
four considerations. First, equations involving variables are important
mathematically and socially. Second, first degree equations in one variable
iﬁvciving addition and subtraction are basic members of this set of eguations
and are the equaticns given the first broad coverage in contemporary
mathematics programs. Third, first degree eguations in one variable
jinvolving addition and subtraction where the particular operation specified
cocurs in the left member of the equation (e.g., 4 + N = 9) are much more
onaration is specified in the right member of the equation (e.g., 8 = 5 + N).
Consequently, only "cperation left" equations were considered since some
?amiliarity with the open sentences used was deemed desirable.

Fourth, solving equations in canonical form, that is, where the
Placehélder occurs by itself in one member of the equation (e.g., 14 + 37 =N),
invalves straight-fcrward processing of numerals (i.e., use of traditional
alzorithms) to obtain a standard name, and is frequently mastered far in ‘
advance of the ability to solve equations not in this form (e.g.,

14 + N = 49). Since methods of solution were of concern, in an aspect of

Text Provided by ERI (LN -
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is 9 + N Eﬁlé easier to solve than 39 + Il = 86?2 To what extent?

Vhat part do computaticn errors play in any differences that exist? Answers
to gu ions such as these were deemed of interest since they have
important implicaticns. It was decided, therefore, to examine the relation-

ship betwenn sclving pesfsrmance and the magnitude of the nurbers in the
open sentences being solved. Cnly whole nurbers were studied in this
investigation. The decisicn to use whole nuxbers was based on the need to
keeo the size of the study within managechle bounds and the follcwing

asserticna. First, whole nuxhers are czrtainly one of the basic sets of

nurihers designated for study in contomporaly mathematics curricula. There-

important. Serond, the whole

used in school mathematics programs

zen sentences studied in this
research. Shus, to mininize transfer of training from any previcus work

&

with coen gentences the sot of vhole numbers was a natural choice.

Clearly, the excluzive use of whole numbers as ccnstants provided
reither a means of datarmaining the influence of number size on solving
perfcrmance nor a contral for the magnitude cof the whole numbers vl when
examining other factors. To sclve the first part of this proizlem two
disjcint submets of the set of whole nunbexs were selected and perfocrmance
associated with each eventually comp pared. These subsets were chcsen to meet
certain criteria. The first criterion was that the whole numbers in each

cf the subsets ©2 femiliar to the third-grade children involved.
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ar smzond criterica was that the chiliren hiad exper
zn? differences cf nutbers c¢f the same magnitude as those in each of %the
nabcets chosen. The third criterion was that the subsets c¢f the whole

ivarbers chosen muast allowy, to a reasonable extent, the facter of number

size (magnitude) to ocrerate.

Cn the basis of the preceding criteria tvo Jdisjoint stbsels were

idontified. Cne of these cubsetrs, called the Basic Fact demain, was

corposed of whcle nunbers less than 19. The other subkset called the Two-

Sizit Jdomain included whole nunkers greater than 20 kut lass than 99.

L4

Obvicusly, each whole number in the basic fact dormain was o
a11ar ragnitude than any whole number in the Tyo digit demain. Also,

{he constants in any eoen gentence used in the investigation were chosen

oo enly cne demain. Therefcore, as a result of this systematic choice cf
evidence pertaining to the influence cof nusler size was
ionlly, data were generated on diffcrences in chiléren's
e on open sentences due to the magnitude of the vwhole
wunlieve in the number demain from which the constants were selected.
Pinally, the methsod used to control for nunber size in determinirng the
lazk cf relat:z Q“uhlP) oF cther factcrs to solving
discussed later.
Convexy
Frecuently cpon cantences cre used as purt of a verbal prcblem
.g‘v;nq technigue. The usual prcsedure involves writing an open sentence

which molels the mathematical conditicns expresced in the verbal problem.
whe soluticn set of this sentence is then determined and related back to
#he given problem in expressing the answer. A guesticn investiga tad was

ERIC - 8
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vietl.er solving an open sentence was related to the presence or absence cf
& verbal problem. This factor, pertaining to the influence of a verbal
rroblem on the solving of a related open sentence, was called the context
factor and had two levels. They were called the verbal-symbolic context
and the syrlnlic context. TiL=z essential difference between these two
levels was that in the former an appropriate verbal problem was presented
with each cpen sentence to be solved and in the later, verbal problems
were excludaed frcm the copen sentence solving tasks.

No research on the influence of verbal problems on the solving of
cpen sentences was found in the literature. Since only cone kind of verbal

prehlens was used in the study this facet of the investigation is primarily

)
v
i
-
9]
o

sratory in nature. Exact specificaticns concerning the verbal prcblems

woed are stated later.

2leo of interest in the study were questions concerning interactions
zmong the thrze factors just discussed. For example, are children's solving
rerforiance levels on the four types of open sentences studied, similar
viithin ench of the lzvels éf ne nunber size factor? One aim of the ctuly

vas to f£ind an answer to this questicn and other questions related to

i

irteracticns among the three factors.

Specifications fcr 16
were develscped so that children's perfoxrmance associated with the facters
of intercst could be systematically measured. Details concerning the
experimental design, the sample, the test, the test administraticn
procoadure, the data, and the statistics are presented in the follcwing parts.

ERIC T
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The Experimental Design

The design of the study with respect to subjects vis a 2 X 2
Tactorial design. Sex and two levels of Order of Presentation make up the
dinensions of this design. With respect to the sixteen repeated measures,
these form a 4 X 2 X 2 design given by four types of open sentences, two

rumber sizes, and two contexts. All factors in these designs are fixed.

Arregresentatign of the design is given in Table 2.

Tha

Sample

Thirty-two third-grade children selected from the Madison (Wisconsin)
iiblic Schools formed the sample for this study. Three elementary schcols
frcm the city's thirty-four elementary schools were identified as
$2pre3éntative of the elementary schools of the district by the mathematics
r~uzultant of the district. Sixteen boys and sixteen girls were randonly

relected from the third-grade children attending the three selected

maLcols., The order of selection was recorded and used later in the study.

3

Tue Test

X,

Each of the thirty-tuo children in the sample was given sixteen
=rsoblem situations. The same sixteen problem situations were given to
orzoh child. A problem situation was an open sentence, Or an open sentence
ind a verbal problem., These problem situations were completely crossed with
:éspect to the factors of: open sentence type (4 levels), number size
‘2 levels), and context (2 levels) (see Table 3). The problem situationc
were also balanced with regard to this crossing; that is, exactly one
problem situation was generated from each cell of a 4 X 2 X 2 matrix where
{he four rcws of the matrix represented the levels of the open sentence

+vmae factor, the two columns the levels of the number size factor, and the

)
ERi(rlayers the levels of the context. factor (see figure 1).

IText Provided by ERIC
e =
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Table 4

Classification of Problem Situations by Context, Number Domain,
and Opecn Sentence Type

Froblem o i Factors L .
Situations Open
. ) __ Context 7 .~ Number Domain _ Sentence Type
A Symbolic Basic Fact - I
B Symbolic Basic Fact 1T
c Symbolic Basic Fact IIX
D Symbolic Basic Fact Iv
E Symbolic Two Digit I
F Symbolic Two Digit 11
G Symbolic Two Digit I1T
H Symbolic Two Digit iv
I Vertal-Symbolic Basic Fact I
J Verbal-Symbolic Basic Fact 11
K Verbal-Symbolic Basic Fact III
L Verbal~Symbolic Basic Fact Iv
M Verbal-Symboiic Two Digit I
N Verbal-Symholic Two Digit 11
0 Verbal-Symbolic Two Digit 11X
P Verbal-Symbolic Two Digit v

10
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Figure 1

Representation of the Problem Situations

Verbal-symbolic

i
l-<
1

L2 - N =

o=y = v i

Basic Facts Two Digit

Note: 11 is a placeholder and x and y are whole numbers.

S,
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A problem situation in the symbolic context was an opeén sentence,

A problem situation in the verbal-symbolic context was composed of an open
sentence and a verbal problem. The open sentence used in a particular
problem situation reflected the open sentence type and the number size
associated with the given problem situation. For example, problem situation
E (see Table 4) was a type I open sentence composed of numbers from the
Two-digit number domain. The systematic methods used to generate open
sentences and verbal problems appropriate to given problem situations is
described later.

Although each child in the sample received the same 16 problem
gituatiens (i.e., A, B, C, D, .cuy P) the order of presentation was not
jidentical across children. The order of presentation was such that simple
order effects due to the context factor were controlled. Although no item
sequence effects were anticipated,as a safeguard latin squares were used to
éaunté:balance for any such effects. Thus, cach problem situation appeared
exactly twice in each of the sixteen item positions.

Two number domains from which open sentences were generated were
chosen to represent the two levels of the number size factor. The first
domain, called the Basic Fact domain, consisted of ordered triples defined
as follgws=l {(a,b,c)l a,b,ce Counting Numbers, a + b=c¢, a#b, 11 ¢

318, 1 <a <9,1 <b < 9). From the thirty-two triples in this domain
eight triples were randomly éélected without replacement for use in this
study. The thirty-two triples in this domain and the eight triples

selected from it are defined in Table 5. The second number domain called

lNgte that the domains are composed of ordered triples of whole
numbers rather than a subset of the set of whole numbers as previously
‘0 "icated. Use of ordered triples facilitated systematic item construction.

ERIC

IToxt Provided by ERI
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the Two-digit domain, consisted of ordered triples defined as follows:
{(a,b,c)} | a,b,ce Counting Numbers, a + b = ¢, a # b, 42 < ¢ <99, 21
< a <78, 21 <b < 78, and the sum of the units digits of a and b is
greater than 9}. From the 660 triples in this domain eight triples were

randomly selected without replacement for use ir. this study. These eight

triples are displayed in Table 6.

Open Sentence Generation

Given a triple from either number domain, say (a,b,c)}, then the
Type 1 open sentence generated from this triple for use in the study was

W7 + b = ¢ (henceforth, N is used as a placeholder for a number), the

Table 5

Number Triples in the Basic Facts Domain

(8,9,17)*

{h,9,11) (5,8,13) (7,6,13)*

(3,8,11)* (5,9,14) (7,8,15) (9,2,11)
(3,9,12) (6,5,11) (7,9,16) (9,3,12)
(4,7,11)* (6,7,13) (8,3,11) (9,4,13)
(4,8,12) (6,8,14) (8,4,12) (9,5,14)
(4,9,13)*% (6,9,15)* (8,5,13)* (9,6,15)
(5,9,14) (7,4,11) (8,6,14) (9,7,16)

(7,5,12) (9,8,17)*

(5,7,12)

(8,7,15)

*Nunber Tri

Table 6

Two-digit Domain Triples used in the Study

ples randomly chosen from this domain for use in the study.

23,21,60)
(24,39,63)

(62,28,90)
(58,35,93)

(66,27,93)
(55,36,91)

(71,19,90)
(37,54,91)

13
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Type 1II open sentence was a + N = ¢, the Type III open sentence was C - N =a.
For example, given the ordered triple (39,21,60) then the Type I opeéen
sentence generated from this triple was N + 21 = 60, the Type II open
sentence was 39 + N = 60, the Type III open sentence was 60 - N = 39, and
the Type IV open sentence was N - 21 = 39.

In order to generate verbal problems to be associated with the open
sentences considered in this study an algorithm was developed such that
given an open sentence type, an ordered triple, a proper name, and a name
for a set of concrete objects, then a well-cdefined verbal problem unique to
these four inputs was casily written. This was accomplished by constructing
a verbal problem form for each of the four open sentence types (see Table 7).
The procedure for c-nstructing appropriate verbal problems thus becomes a
simple substitution process. For example, given the open sentence type
N 4+ % = y then the associated verbal problem form is as follows:

You have some (objects), (Name) gives you (x) (objects).

You now have (y) {objects). How many (objectis) did (Name)

give to you?

Also, given (4,7,11), Judy, and stamps as the other three inputs then by
substitution the unique verbal problem determined is as follows:

You have some stamps. Judy gives you 7 stamps. You now

have 11 stamps. How many stamps did Judy give to you?

In summary, open sentence and verbal problem generation involved
processes which were systematic in nature allowing for random selection and
assignment wherever possible. For further details concerning test

construction see Grouws (1971).

14
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Table 7

L R T e ER LS S g ST 8+ N e T R T

DR K —

Verbal Problem Forms for Each Open Sentence Type

Sentence

Verbal Problem Form

Given: Example
Given: (4,7,11), Judy, Stamps

You have (x) (objects).

(Name) gzves you some (objects).
You now have (y) (objects]).

How many (objects) did (Name)
give to you?

You have 4 stamps.

Judy gives you some stamps.
You now have 11 stamps.

How many stamps did Judy
give to you?

N+ x = You have some (objects) You have some stamps.
(Name) gives you (x) (objects). Judy gives you T stamps N
You now have (y) (cbjects) You now have 1l stamps. -l
How many (objects) did (Name) How many stamps did Judy
give to you? give to you?
N-x-= You have some (objects]). You have some stamps.
You give (x) (objects) to (Name). ¥You give 7 stamps to Judy.
You now have (y) (dbjects). You now have 4 stamps.
How many (objects) did you have How many stamps did you have
to begin with? to begin with?
X - N = You have (x) (objects). You have 11 stamps.
You give some (objects) to (Name). You give some stamps to Judy.
You now have (y)} (objects). You now have 4 stamps.
How many {objects) did you give How many stamps did you give
to (Name)? to Judy?
-,
o
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zggt Administraticn

Each of the thirty-two tests was administered in two parts. Part I
:Eansisted of the first eight problem situations on any given test and
Part II consisted of the remaining eight problem situations. Part I testing
was done during the first seven days of April 1971 and Part II testing was
§cmpleted during the period April 19-22, 1971. All testing was done on an
individual basis by this researcher in a room apart from the child's
?egular classroom. Only the child and the interviecwer were present during
the testing. Testing time was approximately 15 minutes on each part. Each

child was givan as rmuch time as he wanted on each item.

fhe Statistics

The numerical responses recorded on the Interview Coding Form were
scored after the completion of testing. A score of 1 was assigned to those
;ituatigns where the child's numerical response was the correct solution
of the open sentence involved. All other situations were given a score of
d. The data on the numerical responses were computer analyzed (Finn, 1967)
ﬁsing appropriate MANOVA procedures which take account of the fixed model
énd the repeated measures. Differences in means associated with the Order
of Presentation variable were tested using a t-test for differences between mean:
means associated with independent samples. The .05 level of significance ?

was used in all decision making,

f

RESULTS
Table 8 lists the number of correct responses on each of the sixteen
problem situations. The total number of correct responses was 286 of a

pDSSlble total of 512 (32 children x 16 problem situations). The mean number

of ccrrect responses per child was 8.94 and the variance of the dlstrlbutlon

GER\(: children's response scores was 14.90.

e 16
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Table 8

Number of Correct Responses by Open Sentence Type, Context,
Number Size, and 5ex

BH %m am eg %oﬁmw
Sex B 1 < 1 < ! T, Corsect
HM..._ Em zu. zm E,H Zm Eu_,. ZM Eu_. Em EH zm ZH Em SH Em
ddale 1: 515 4 16 6 16 7 15 & 13 5 6 4 8 3 141
Female 1= 6 13 7 15 5 13 5 15 4 13 g 6 3 9 8 145 Mu
Total 27 11 28 11 31 11 2% 12 30 10 26 13 12 7 17 11 286

Ncte. —- T, (1 =1,2,3,4) represents the four open sentence types. C, (i=1,2)
rzpresants the

1

two contexts. N, (i = 1,2) renresents the two number sizes.

1

Aruitoxt provided by Eic:
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Statistical tests showed no significant difference between boys' and

girls' solving performance on the 16 item test (see Tables 9 and 10). There

also were no significant order effects.

Table 9
Total Response Score Data by Sex
Number of Percent of Total Mean
Sex N Correct Correct Responses Correct
Responses (2886) Responses
Boys 16 144 50.3 9.00
Girls 16 142 49.6 g8.88
Boys &
Girls 32 286 100.0 8.94
Table 10
ANOVA on Total Response Scores
for a Sex Main Effect
Hypothesis Error MS df F-ratio p less than
pboys = ugirls = 0 .9620 .0078 (1,30) .0081 .9288

Open Sentance Type

The sixteen test items were grouped according to the type of open
sentence included. The number of test items in each of the four open
sentence type groups was four. Information concerning solving performance

on each open sentence type is summarized in Table 1l.

18
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Table 11
Summary of Data on Open Sentence Types

Number of Mean

Open Sentence Number of Total Humber Correct Correct
Type Items/Test of Items Responses Responses

I 4 128 77 2.40

11 4 128 83 2.59

IIX 4 128 79 2.47

iv 4 128 47 1.47

Total 16 512 286 8.94

The total number of correct responses was 77 or 60.2 percent of the
Eossible total of 128 (4 problem situations x 32 children) on problem
situations invelving Type I (N + a = b) open sentences, 83 or 64.8 percent
én Type II (a + N = b), 79 or 61.7 percent on Type III (a - N = b), and 47
or 36.7 percent on Type IV (N - a = b). The mean number of correct
?esgcnses was 2.40 on problem situations containing a Type I open sentence,
2.59 on Type II, 2.47 on Type III, and 1.47 on Typc 1V.

Since there were four levels of the open sentence type factor, three
independent contrasts among means could be made. The results of the
étatistical tests related to the open sentence type factor are shown in
Table 12. A multivariate test, which takes account of the correlation
between measures, was performed to simultaneously test the nullity of the
é:and means of the three dependent measures. The results of this test
(i.e., the obtained probability of the resulting test statistic) prompted
consideration of the univariate hypotheses.

The first univariate test indicated that performance on test items
iﬁvclving Type I open sentences was not statistically different from the

"0 age performance on test items involving Type II, Type III, or Type IV

ERIC
T 19
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open sentences. The second univariate test indicated that performance on
test items involving open sentences of Type I1 was statistically different
from the average performance on test items involving Type III or Type IV
open sentences. The number of correct responses On each open sentence
type (see Table 11) indicated that the performance on Type II open sentences
was better than the average performance across Types III and IV. The third
ﬁpivariate test indicated that performance on open sentences of Type III
was different from the performance on open sentences of Type IV, Number
of correct responses on problem situations associated with these types
(see Table 11) indicated that the better performance was on Type III open

sentences.

Number Size

Each of the sixteen items on the test was placed in one of two
categories according to the magnitude of the constants in the associated
§pen sentence. One category contained the eight problem situations involving
open sentences with constants drawn from the Basic Fact domain. The othexr
category contained the remaining eight problem situations which involved
open sentences with constants drawn from the Two-digit domain. Table 13

summarizes data on the number size factor.

f Table 13
;‘1’..
Summary of Data on Number Size
Number Number of Total Number Number of Mean
Size Items/Test of Items Correct Correct
Responses Regponses
Basic Facts 8 256 200 6.24
Two-digit 8 256 86 2.69
T‘Stal 16 512 286 8.94

IToxt Provided by ERI
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Table 12

A R Sk W b

Summary of Tests on Open Sentence Types

e e ARSI HATR
s A AT S

Hypothesis Error 148 df F-ratio p less than
Multivariate (3,28) 20.3801 .0001
:S,Hy - 1/3 ulTyp + Typp t eHi =0 .1237 .3151 (1,30) 2.4297 .1296
ulTyg) - meﬁﬁHHHH + Tyl =0 .0634  2.0833 (1,30) 34.4828 .0001
R
U ,.HeHHH,.. - isai =0 .1896 4.0000 {1,30) 21.0989 .0001
RS
&l
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The total number of correct responses on problem situations in the
Basic Facts category was 20C or 78.1 percent of the possible total of 256
(8 items x 32 children). For the problem situations in the Two-digit
category the total number of correct responses was 86 or 33.6 percent of
the possible total of 256. The mean number of correct responses was 6.25
and 2.69 for the eight Basic Fact items and the eight Two-digit items,
respectively.

The two levels of the number size factor implied that only One
independent contrast could be made. The results of the univariate test for
a main effect (see Table 14) indicated that a difference in performance did
exist, and examination of the number of correct responses (see Table 13)
implied that the better performance was on the items involving open

sentences with constants selected from the Basic Facts domain.

Context

The sixteen items (problem situations) on the test were divided into
two categories according to whether a verbal problem was involved. The
eight items in the symbolic context group did not involve a verbal problem,
and the eight items in the verbal-symbolic context group did involve a

verbal problem. Data related to the context factor are summarized in

Table 15.
Table 14
ANOVA for a Number Size Main Effect
Hypothesis Errox MS af F-ratio p less than
) - 0 .2536 25.3828 (1,30) 100.0719 .0001

ullNge) = ulNp_y)

A%
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Table 15

summary of Data on the Context Factor

Total Number Numper of Mean

Context Number of
Items/Test of Items Correct Correct
Responses Responses
Symbolic 8 256 139 4.34
Verbal-Symbolic 8 256 147 4.59

Total 16 512 286 8.94

The total number of correct responses on the symbolic context problem
situations was 139 or 54.3 percent of the possible total of 256 (8 items x
32 children). For verbal-symbolic context problem situations the total
number of correct responses was 147 or 57.4 percent of the possible total
of 256. The mean number of correct responses was 4.34 and 4.59 for the
eight problem situations in each context, respectively.

. The univariate test for a context main effect was not significant
(see Table 16). Thus, mean performance on symbolic context problem
situatians was not statistically different from the mean performance on
the verbal-symbolic context problem situations.

_ Table 16
ANOVA for a Context Main Effect

Hypothesis Error MS af F-ratio p less than
‘“CS) - ‘“CV—S) =0 .1823 . .1250 (1,30) .6857 .4142
Interactions

The only interaction among factors that was statistically significant
was the Open Sentence Type X Number Size interaction. The statistical tests:
7 the contrasts associated with this interaction are summarized in Table 17.

ERIC 23
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Table 17
Summary of Tests on Open Sentence Type X
Number Size Interaction

Hypothesis Error 118 Vﬁrdf F—rétio P less than
Multivariate (3,28) - 3.6479 .0245

(1) .0866 .2109 (1,30) 2.4349 .1292

(2) .1858 1.1719 (1,30) 6.3084 0177

(3) . 2281 1.85906 (1,30) 8.2877 .0073

The three contrasts investigated were:

(1) WSy pg) + /3 WSy m.g * Syrr,r-a * Siv,r-a’
Sy, p-q) ~ /3 MSyp pp * Sirr,er * Spv,er) * O

€2)  V(Spy pp) + 1/2 M(Sppp pp * Sy gog) HS1p, pog) — 1/2
Wrr1,8r * Spv,r) = ©

(3} 1/2 WASppp,pr * Spv,p-q) T /2 MiSppr,qpeg * Spy, gt = O

where Si 5 (L = I, II, III, IV; j = BF Basic Facts, T-d Twd=digit) was
performance over problem situations invelving an i £ype open senternce whose

constants were from the j number domain.

CONCLUSTONS

On the basis of the data collected and the statistical tests used
there is no evidence to support the existence of a difference in boys' and
éirls’ overall solving performance on open sentences of the kinds considered
in this research. Also there is no reason to assume that the order in which
open sentences are presented in testing situations influences children's

~g~formance in solving them.

21
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Figure 2 is a graphic display illustrating the Open Sentence Type X

Number Size Interaction.

Figure 2
Representation of Open Sentence

Type X Number Size Interaction
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Open Sentence Type

2 The results of the statistical tests previously reported support the
écnclusicn that there are differences in children's solving performance on
Ehe four types of open sentences considered. These differences are
illustrated in Figure 3 in terms of the number of correct responses
associated with each open sentence type. Clearly, open sentences of the

N - a = b type are substantially more difficult than open sentences of the
types N+ a - b, a+ N=Db, and a - N = b. This also holds in ecach context
(i.e., symbolic and verbal-symbolic) and each number domain (i.e., Basic
Fact and Two-digit) although the difference between the N - a = b type open
sentence and each of the other three open sentence types is not as pro-
nounced in situations involving Two-digit constants.

It should be noted that the part of the conclusion concerning the
difficulty of N+ a = b and N - a = b type open sentences is exactly
cpposite of the conclusion drawn by Suppes (Suppes et al., 1968, pp. 240-
241). However, the data used to support Suppes' conclusion was not
explicitly stated. Weaver's raw data2 tends to confirm the conclusion
reported here; namely, that N - a = b type open sentences are more difficult
ﬁé solve than N + a = b type open sentences.
| Three comments, each of a tentative nature, are in order. First, the
évidence from the present study does not support Suppes' (Suppes et al., 1968)
conclusion that there are substantial differences in the difficulty of open

%éntences of the type N + a = b and the type a + N = b.

: 2Unpubllshed report made by Professor J. F. Weaver to the Madison
(WlSCGﬂSln) Public Schools during the 1970-71 academic year.
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Figure 3

Representation of Solving Performance

on Open Sentences by Type
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Second, examination of the data indicates that the four open sentence
types considered in this study can be placed in order of difficulty by
first considering placeholder position and then considering the operation
involved. That is, the placeholder in the initial position (i.e., N - a =»>b
or H + a = b) is the most difficult and within each of the two placeholder
positions the open sentence type involving subtraction is most difficult.

Third, the relatively poor performance on Type 1V open sentences
(i.e., N = a = b) may reflect the relative amcunt of exposure children
experience with respect to this type of open sentence as compared to other
types of open sentences. Alternatively or concomitantly, this type of
open sentence may be inherently more difficult to solve than the other
three types of open sentences. That is, more time (or practice, or
instruction, etc.) may be required for children to reach a certain pro-
ficiency in solving this type of open sentence than to reach the same

degree of solving proficiency on the other three types of open sentences.

Number Size

 From the results related to the number size factor it can be con-
cluded that the magnitude of the whole numbers used as constants in open
sentences of the types considered is related to children's solving
performance. Specifically, open sentences with constants from the Two-digl:.
domain are much more difficult for children to solve than open sentences with
with constants from the Basic Fact domain.

As in the previous section this divergent performance may be
attributable to opportunity to learn, or to specificity of learning, or
both. However, in either case the assumption that children who can solve
onan sentences with small whole numbers as constants can also solve the

ERIC 28
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same type of open sentence with whole numbers of larger magnitude as con-
stants was not upheld. It is also interesting that the interviewer observed

very few situations (i.e., less than 16) where a child did not correctly

solve a "Two-digit open sentence" due to an error in the processing of a
sum or difference using the traditional algorithms. Hence, it seems that
not only are open sentences containing larger constants more difficult to
solve, but the difficulty apparently involves something more than the

computational complexity of processing larger numbers.

Context

From the results previously reported it may be concluded that the
presence or absence of a verbal problem did not influence children's solving
performance. At least two important things must be kept in mind with regard
to this conclusion. First, only a very restricted subset of verbal problems
was considered in this study. Hence, different results may have been
obtained if a different subset of verbal problems had been used. Second,
the potential influence of this factor may not be reflected in the data
because little if any attention is given to the relationship between open
sentences and verbal problems in the instructional program associated with

the sample children's mathematics classes.

Interactions

In addition to the statistically significant main effects due to
open gent encetype and number size there was a significant interaction
between these two factors. This interaction involved the extreme
difficulty of the N - a = b type open sentences. Interpretation of this
interaction may be summed up by saying that the N - a = b type open

Q
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sentences were so difficult that the influence of number size was

obscured or did not operate.

IMPLICATIONS

It was previously concluded that boys' and girls' performance are
very similar when solving certain open sentences. Put another way, there
were no data from this study which suggests that different instruction
for boys and for girls is necessary or desirable.

Although the data indicate that one particular order of presentation
effect did not exist it is essential that this result not be misinterpreted.
That is, this conclusion is not related to instructional sequencing. In
fact, the order in which open sentences of different kinds are presented
in children's mathematics classes could very well affect their achievement
in solving open sentences.

Although a full explanation of the differences in solving performance
on the open sentence types is not possible at this time, the large
differences in solving performance have instructional implications. If it
is expected that children at this level should be able to solve equally
well open sentences of the four types studied, then attention must be
given to the N - a = b type of open sentence. This attention may take many
forms; for example, a new instructional approach may be needed, or more
practice on this type of open sentence may be required.

If an objective of mathematics instruction at the third-grade level
is "good" solving performance on open sentences with constants from the
Two-digit domain, then current instruction must be reconsidered. That is

if third-grade children are expected to solve open sentences with constants

20
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from the Two-digit domain as well as they solve open sentences with
constants from the Basic Fact domain, then something different must take
place in the children's learning experiences. For example, more explicit
instruction on the relationship between open sentences such as 38 + N = 49
and 7 + N = 16 (i.e., sentences with the placeholder in the same position)
may be desirable. Optimal procedures can only be determined after careful
study.

The presence of an appropriate verbal problem did not seem to
influence the solving of open sentences. However, this should not preclude
exploiting the naturel ties between these two important mathematical
topics. 1In fact, increased emphasis on these ties may be worth

considering.

SUGGESTIONS FOR FUTURE RESEARCH

The results and conclusions reported in this paper need to be examined
for validity with children of different mathematical backgrounds. The
present study also needs to be extended to other open sentence types
involving other operations and other number domains. For example, the
operations of multiplication and division and the number domains composed
of integers and rational numbers seem to be a plausible next step. Also,
there is a need to examine other factors such as symmetric;farm (e.g.,

N +a=Db and b = N + a) across operations and number domains.
Investigations related to the research reported here where the
opportunity to learn factor is held constant are also needed. 1In addition,
a feasibility study involving the "effectiveness"” of teaching a systematic

method of solving open sentences of various types to third-grade children

would be of interest.
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